physical and psychological stress, including preoperative education, epidural or regional anesthesia, perioperative fluid management, minimally invasive techniques, optimal pain control, early initiation of oral feeding, and mobilization. In recent years, ERAS protocols have been applied to various types of surgery at many institutes worldwide, including gastric, 2 colorectal, 3 gynecologic, 4 vascular, 5 and urologic 6 procedures.
In liver disease, such as complicated hepatolithiasis and liver neoplasm, partial hepatectomy always acted as the preferred treatment.
As the concepts of precise hepatectomy and anatomical hepatectomy were put forward, the minimally invasive surgery was gradually applied in hepatectomy. Nowadays, laparoscopic small range hepatectomy was coming to be a standard surgery. Laparoscopic partial hepatectomy had the advantages of minor trauma, lighter body reaction and accelerated rehabilitation, which reflected more highlights of ERAS programs. In China, ERAS has been applied to many hepatobiliary surgery centers in the past 3 years. 7, 8 Since ERAS project started in August 2016, ERAS has been actively implemented to hepatectomy in our department.
Several studies and meta-analyses have shown that patients obtained many benefits such as less pain, earlier intestinal function recovery, shorter hospital stay, less medical expenses, and higher medical satisfaction by implementing the ERAS programs. [9] [10] [11] [12] To provide further evidence for effectiveness of ERAS programs in hepatectomy, a RCT was carried out to compare the perioperative effects between ERAS group and CS group in patients undergoing hepatectomy.
| ME THODS

| Participants
From The study was approved by the ethics committee of the First Affiliated Hospital of University of South China. All patients signed informed consent to participate in the randomized treatment.
| Perioperative procedures
Patients randomly assigned to the ERAS group received the perioperative procedures of ERAS programs strictly, and the CS group patients received the traditional care. The process took the project as the main line including preoperative, intraoperative, and postoperative procedures (Table 1) , which were designed with reference to ERAS guidelines. 13 The surgery was implemented as soon as pos- 
| Outcome measures
The primary outcome measures were the rate of complications 
| Sample size calculation
The purpose of this clinical study was to investigate the safety and effectiveness of the ERAS programs applied to the hepatectomy, and reduce the incidence rate of complications. According to the published literature, 18, 19 compared with the CS group, the ERAS group has predicted 18% difference in the overall complication rates. Assuming a type-I error of 5% (ɑ = 0.05), a power of 80% for a two-tailed log-rank test (β = 0.2), the minimum sample size required for each group was 72 cases, and about 10% termination of the experiment, each sample size was actually set to 80 cases.
| Random grouping method
The computer-generated random numbers were equally allocated to two groups. A nurse who was not in experimental study prepared a random digital envelope and sent it to patient. After the patients were randomly assigned to the ERAS group or the CS group, we arranged a doctor and another nurse in our department to inform the patients about the perioperative procedures and collect relevant data to make sure the procedures were correctly implemented and the data were objective.
| Statistical treatment
The statistical information including patient general data, clinical indicators, and perioperative index were collected accurately.
Statistical analysis was performed by the SPSS (version 19.0) software. The measurement data were represented by mean standard deviation (Mean ± SD), the independent sample t test was used to compare the measurement data between groups. Chi-square test and Fisher's exact test were used to compare the counting data between groups. P value < .05 was considered to be statistically significant.
| RE SULTS
| Experimental complete situation
During the experimental period, hepatectomy was carried out in 195
patients. According to the inclusion criteria, only 160 patients were suitable for participating in this experiment. Before randomization, 35 patients were excluded (5 patients were due to age limitation, 9
patients have been carried out emergency surgery, 11 patients have got terminal hepatic malignancy, and 10 patients declined to participate). After randomization, no patient was excluded to the study, the details were shown in Figure 1 .
| Comparability of two groups
The general information of the two groups was shown in Table 2 .
There were no significant differences in age, gender, hepatitis B carrier, Child-Pugh class, ASA grade, and type of hepatopathy between two groups (P > .05). There were also no significant differences in operation time, bleeding volume between two groups (P > .05). In both groups, the range of hepatectomy including hepatectomy segments > 2 and hepatectomy segments ≤ 2 had no significant differences (P = .623). In ERAS group, the rate of laparoscopic hepatectomy was 48.75% (39 of 80 patients, 4 patients converted to open hepatectomy), and in CS group was 38.75% (31 of 80 patients, 3 patients converted to open hepatectomy), there were also no significant differences in the rate of laparoscopic hepatectomy (P = .362).
| Comparison of postoperative clinical indexes
The complications were defined according to the grading system by Clavien-Dindo showed in Table 3 . There was no perioperative mortality in the two groups. The morbidity rate of complications was Comparison of laboratory indexes in POD1, POD3, and POD5
were shown in Figure 2 . Compared with CS group, the ERAS group had lower number of WBCs in POD1 (P < .001), ALT in POD1 and POD3 (P < .05), TBIL in POD5 (P = .003), but had higher number of ALB in POD3 and POD5 (P < .05).
Comparison of pain score was shown in Figure 3A . In ERAS group, most patients scored below three points, but the patients in CS group scored more than four points, which indicated that more patients in CS group had already suffered moderate to severe pain (P < .001). Comparison of patient satisfaction was shown in Figure 3B . The satisfaction in ERAS group was significantly higher than the CS group (P < .001).
Comparison of outcomes were shown in Table 4 . The anus exhaust time in ERAS group was faster than the CS group (P < .001). In ERAS group, the oral enteral nutrition was earlier than the CS group (P = .003), most patients in ERAS group drinked some water eight hours after surgery. Most patients in ERAS group got out of bed earlier than patients in CS group (P < .001). The peritoneal drainage tube was removed much earlier in ERAS group than CS group of patients (P = .013), no patient required a reinsertion of drainage tube in both two groups. The median hospital stay was 16.9 ± 3.4 days in the ERAS group, which was significantly shorter than that in the CS group (21.6 ± 6.8 days; P < .001). The median cost of hospitalization was $7795 ± 1526 in ERAS group and $9138 ± 2115 in CS group (P < .001). In ERAS group, 6 patients (6.86%) were readmitted for wound dehiscence (2 patients), bile leak (2 patients) and ileus (2 patients). While in CS group, 7 patients (8.75%) were readmitted for wound dehiscence (1 patient), bile leak (2 patients), ileus (2 patients), and pain (2 patients). There were no significant differences in readmission rate (<30 days) between two groups (P = .772). No readmission was related to an acute life-threatening condition in both groups. 
TA B L E 2 Comparison of preoperative and intraoperative conditions
| D ISCUSS I ON
In our study, we randomly selected 160 patients with different liver diseases, such as liver tumors and hepatolithiasis, so the sample size and diseases were convincing. Also, we made the ERAS implementation process of hepatectomy with project as the main line, which including preoperative, intraoperative, and postoperative procedures, every patient should be strictly followed, so the experiment could be completed in a planned way. Additionally, we used the inpatient satisfaction questionnaire to assess patient satisfaction following the questionnaire of Peking Union Medical College Hospital, which could ensure that patients have an objective evaluation of medical services. But our study also has some limitations. First, we carried out the RCT only in a single center, the results of this study might not be very high level of evidence, so multi-center RCT study should be carried out. Second, we had just completed a single-blind trial, data collectors might have a certain orientation, thus the test results would be influenced, so double-blind clinical trial also should be implemented.
ERAS group (n = 80) CS group (n = 80) P
Finally, more clinical index should be studied which could reflect the superiority of ERAS, such as indocyanine green test (ICG), 3D
printing, and other diagnostic technique. More study would be carried out in our center that the validity of ERAS could be ulteriorly verified.
The results of this RCT has showed the safety and efficacy of ERAS programs carried out in patients undergoing hepatectomy. As the morbidity rate of overall complications decreased in ERAS group after implementing the ERAS programs, which proved that ERAS programs can safely reduce surgical stress and accelerate patient recovery. We can see that compared with CS group, the patients in ERAS group had low peak of WBCs and ALT,also had higher number of ALB in postoperative days, which indicated that the less perioperative stress and liver function impairment. The pain scores were used to evaluate the effect of postoperative analgesia, the patient satisfaction reflected effectiveness of ERAS programs. With multimodal analgesia, most patients in ERAS group had a less pain than in CS group. ERAS can shorten exhaust, feeding and ambulation time, and effectively reduce stress response and make patients feel better in postoperative days, the patient satisfaction improve at the same time.
All patients in ERAS group had lower hospital stay and cost compared with CS group, which indicated that with a low medical care expenditure ERAS programs could bring economic benefits and reduce social burden. The readmission rate (<30 days) was similar in ERAS and CS groups, which indicated that the scientific discharge criteria in ERAS programs would not increase the readmission rate. The results of RCT were consistent with the research of ERAS protocol in laparoscopic colorectal surgery by
Pędziwiatr et al.
20-23
The advantages of ERAS concept manifest in more adequate preoperative preparation before surgery. The detailed preoperative education can reduce patient anxiety through communication. 24, 25 The nutritional evaluation and support can ensure the nutritional status of the body for the surgery. 26 Pulmonary exercise can accelerate the recovery of lung function after surgery. 27 No bowel preparation as usual can prevent dehydration and disturbance of electrolyte. 28 Oral carbohydrates 400 milliliters two hours before operation can relieve thirst, reduce anxiety, lower insulin resistance, and promote postoperative intestinal function recovery. 29, 30 The advanced concept of surgery, anesthesia, infusion, heat preservation, and analgesia during the operation reflect the superiority of ERAS programs. The combined anesthesia can reduce surgical stress and relieve postoperation pain very well. 31, 32 The minimally invasive surgery can reduce surgical trauma, but the good exposure of the surgical field and accurate completion of the surgical procedure should be considered first. 33 Anatomical hepatectomy should be used which can help to clear the lesion thoroughly, reduce surgical bleeding, remain the maximum liver volume and relief surgical stress response.
However, to ensure safe implementation of ERAS programs, the indications of laparoscopic hepatectomy must be strictly observed. Postanesthesia catheterize and no normally placed the stomach tube can 38 On the premise of ensuring safety, early extubation can relief postoperative pain and mental disturbances, also encourage patients to get out of bed earlier. 39 The scientific discharge criteria can speed up the recovery of the patients' physiology and psychology, reduce the postoperative complications, hospitalization time and expenses, reduce the financial burden on families and societies, bring economic benefits and increase the patient satisfaction degree of medical service. 17 ERAS can be always improved, all patients undergoing surgery can benefit from this programs. 40 For patients who have liver diseases and require hepatectomy, whether laparoscopic surgery or laparotomy, liver tumor or hepatolithiasis, segmental hepatectomy or hemihepatectomy, ERAS programs can effectively accelerate the perioperative rehabilitation. 9, 41, 42 However, the ERAS programs cannot be successfully implemented without multidisciplinary collaboration, and it is essential to have teamwork from the departments of surgery, anesthesia, nursing, nutrition, rehabilitation, and other departments.
43,44
| CON CLUS ION
The presented study showed that ERAS programs were safe and effective for patients undergoing hepatectomy. Specifically, the ERAS programs can help patients relieve postoperative stress and pain, reduce the incidence of complications, cut down the hospital stay and expenses, not to increase the readmission rate, accelerate postoperative recovery, improve patient satisfaction, reduce financial burden, and bring economic benefits.
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